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Introduction
Vitamin D deficiency defined as a 25-hydroxyvitamin D [25(OH)D] <50 nmol/L (20ng/mL) is highly prevalent in children and adults worldwide, where up to 80% are at risk including those who are elderly [1] . Elders with chronic low circulating 25(OH)D concentrations can suffer a significant number of adverse health events including osteomalacia, osteopenia, osteoporosis due to secondary hyperparathyroidism, and non-skeletal consequences with a greater propensity to fall, and increased risks for type 2 diabetes mellitus, cardiovascular disease, deadly cognitive disorders, cancers, sarcopenia and viral upper respiratory tract infections, among others [2] .
Importantly, vitamin D deficiency and its consequences may be easily prevented and corrected by oral supplementation and sensible sun exposure [1, 3] . For this reason, the use of the 25(OH)D assay, the only reliable indicator for vitamin D status [1] , increased dramatically during the last decade. The whole problem is that, although supplementation is relatively cheap, the determination of serum 25(OH)D concentration can cost at least ten times more than a one-year supplementation in some countries [4] . To save heath care costs, US [5] and French [4] health authorities recently examined the clinical utility of the serum testing of 25 (OH)D, and concluded that evidence was insufficient to recommend routine vitamin D screening. This recommendation is consistent with the recommendation from the Institute of Medicine [6] and the Endocrine Society's Practice Guidelines For Vitamin D [7] . As a result, the recommendation is to provide vitamin D supplementation without first measuring the serum 25(OH)D concentration. Consistently, several studies have reported on vitamin D supplementation for up to 6 years without any evidence for toxicity. For instance, Pietras et al. showed that healthy adults receiving 50,000 IU of vitamin D2 twice a month (equivalent to ingesting 3300 IU/day) maintained healthy circulating concentrations of 25(OH)D in the range of 100-150 nmol/L (40-60 ng/mL) [8] . In contrast, there are some recent concerns raised that giving 25(OH)D3 or high doses of vitamin D may increase the risks of falls and allergies among older adults [9, 10] , which could limit the incentive to supplement without first knowing the vitamin D status. Furthermore, although both population screening and universal supplementation appear justified from a cost-utility point of view in community-dwelling older women and men [11, 12] , it was reported that population screening was more cost-effective than universal supplementation after the age of 80 years [11] , which encourages the use of blood testing in this population.
To avoid the need for a blood test screening for vitamin D status in older adults, we recently developed the Vitamin D Status Predictor (VDSP), a 16-item questionnaire able to identify older adults with undesirable vitamin D status who may be administered vitamin D supplements without obtaining a blood test for 25(OH)D [13, 14] .
However, the inherent flaw in any rater-administered questionnaire, including the VDSP, relies on the intervention of a caregiver who may influence the results, consumes more resources and can make the test less accessible on a routine basis. The opportunity to answer a self-questionnaire would facilitate its use and potentially extend the possibilities of use in the general population. We hypothesized that the physician-administered VDSP could be self-administered in older adults. The aim of this study was to examine the concordance of answers to a self-administered questionnaire with information collected by a physician during a full clinical examination.
Materials and methods

Participants
The study was conducted in accordance with the ethical standards set forth in the Helsinki Declaration (1983). The entire study protocol was approved by the Ethical Committee of the University Hospital of Angers, France (No 2015-03). We studied in-and outpatients aged 65 and over consecutively recruited in the VDSP-G (Vitamin D Status Predictor for Geriatrics) study. The VDSP-G study is an observational cross-sectional study designed to apply the VDSP among all patients consecutively hospitalized or seen in consultation in the geriatric acute care unit of the University Hospital of Angers, France, from March to May 2015 [14] . After giving their written informed consent for research, included participants received a full medical examination consisting of a self-administered VDSP questionnaire, various rateradministered structured questionnaires and a standardized clinical examination.
Self-administered VDSP questionnaire
A self-administered questionnaire in paper format was given to each patient meeting the selection criteria at their arrival in the ward. This questionnaire consisted of 17 items (Table 1) . Except for the age, height, weight, and the number of drugs taken per day, all items corresponded to a question with a forced choice in closed-ended format (i.e., yes or no). If necessary, the self-questionnaire was completed with the help of the relatives. Finally, the algorithms previously published [13] were applied to the items of the self-VDSP to identify among participants those with probable severe vitamin D deficiency (i.e., serum 25(OH)D 25nmol/L), vitamin D deficiency (i.e., serum 25(OH)D 50nmol/L) or vitamin D insufficiency (i.e., serum 25(OH)D 75nmol/L) [1] . Briefly, the VDSP is based on a 16-item questionnaire coupled with combinatorial non-linear algorithms that were built from models of feed forward artificial neural networks (multilayer perceptron) [13, 14] . In practice, clinicians submit the 16 responses to the tool, which combines them using three dedicated algorithms to identify severe vitamin D deficiency, deficiency or insufficiency. Medical examination: Rater-administered VDSP questionnaire. Participants underwent a full clinical examination by a physician. The following 16 items from the original VDSP were collected standardizedly: gender, age (in years), number of therapeutic classes used per day, body mass index (BMI, in kg/m 2 ), use walking aids, use psychoactive drugs (i.e., benzodiazepines, anti-depressants, and/or neuroleptics), wearing glasses, sad mood, fear of falling, history of falls in the preceding year, cognitive disorders, undernutrition, polymorbidity, history of vertebral fractures, living alone, use osteoporotic medications (bisphosphonates, denosumab, strontium, and/or calcium and vitamin D supplements). The BMI was calculated based on anthropometric measurements. Undernutrition was defined as a BMI below 21 kg/m 2 [15] .
Polymorbidity was defined as having more than three chronic diseases (i.e., diseases of indefinite duration or running a course with minimal change). A fall was defined as an event resulting in a person coming to rest unintentionally on the ground or at other lower level, not as the result of a major intrinsic event or an overwhelming hazard, according to the French Society of Geriatrics and Gerontology (SFGG) and the French national agency for health [16] . The history of vertebral fractures was sought from interview of the patients and/or their relatives and from the medical records. The fear of falling was sought using the following standardized question "Are you afraid of falling?", as previously published [17] . The presence of cognitive disorders was identified using the Mini-Mental State Examination [18] and/or the history of dementia from medical records. Finally, sad mood was sought using the following question from the 4-item Geriatric Depression Scale: "Do you feel discouraged and sad?" [19] . Finally, just as for the self-VDSP, we applied the algorithm previously published [13] to the items of the rater-VDSP to identify among participants those with probable severe vitamin D deficiency or vitamin D deficiency or vitamin D insufficiency [1] .
Statistics
Firstly, physicians' and patients' responses regarding patient information were summarized using frequencies and percentages or means ± standard deviations, as appropriate. Secondly, interrater agreement in physicians' and patients' quantitative responses was analyzed with the intraclass correlation coefficient (ICC). The ICC is the proportion of the variability in the observations due to the differences between pairs. The ICC takes values from 0 (no agreement) to 1 (perfect agreement) [20] . Finally, agreement in physicians' and patients' qualitative responses was calculated with Cohen's kappa (κ), which is a coefficient of pairwise agreement between observers [21] . κ = 1 implies perfect agreement, and κ = 0 suggests that the agreement is no better than that which would be obtained by chance. According to Landis, values . P-values<0.05 were considered statistically significant. All statistics were performed using SPSS (version19.0; SPSS, Inc., Chicago, IL) and R 3.1.0 (GNU project). Comparison between rater-and self-VDSP underscored that the agreements between physicians' and patients' responses were significant for every single item of the VDSP (Table 3 ).
Results
The P-values were strictly less than 0.001 for all items except for the items 11 to 13 (i.e., cognitive disorders, undernutrition, polymorbidity) with P-values of 0.008, 0.003 and 0.010 respectively. Similarly, the magnitude of the agreement was fair to perfect for all items, with the exception of items 11 to 13 (poor agreement). Specifically, the patients tended to underestimate the existence of cognitive disorders, undernutrition and polymorbidity (Table 2) .
Finally, Table 3 shows that the agreement was almost perfect for the identification of those likely to have severe vitamin D deficiency, vitamin D deficiency or vitamin D insufficiency while using the rater-VDSP or the self-VDSP (Table 3) .
Discussion
The present findings report that the self-administered VDSP shows an almost perfect agreement with the VDSP administered by a physician. The agreement was significant for all separate VDSP items, and the small divergences were mainly linked to the underestimation by patients of their health issues (cognitive disorders, undernutrition, polymorbidity). The clinical relevance is that older adults are able to evaluate their own probabilities of severe vitamin D deficiency, vitamin D deficiency and vitamin D insufficiency, which should save time for caregivers and promote the use of the VDSP tool.
To the best of our knowledge, we report here the first evidence that older adults are able to assess their own probability of hypovitaminosis D, with a high concordance with physician assessment. Only few nonsignificant divergences were observed; all about underreporting by patients of cognitive disorders, undernutrition, polymorbidity. Two explanations may be provided. First, the divergence may result from the use of a question wording in the self-VDSP that was subtly different from the rater-VDSP, and asked patients about their health perception without proposing clear severity level, leaving the patients to judge if they were subject to 'memory lapses', 'malnourishment' or 'a lot of chronic diseases' without specifying a number. Thus, the patients' answers could vary from the physicians' answers, which were based on a clear definition in the three cases. Second, comparative self-rating and other-rating data may also be considered as "a coin with two faces": symptom underestimation by the patient can be seen as overestimation by the physician [23] . Third, it should be acknowledged that distorted self-perceptions have already been reported among patients for these three aspects. For instance, subjective memory complaints are not always superimposed with objective cognitive disorders, but may either precede the onset of objective disorders, or be related to anxiety, or be more restrictive than cognitive disorders that may involve cognitive fields other than memory, or be cancelled by anosognosia in the case of dementia [24] . Also, underestimation of weight loss has been regularly reported among patients [25, 26] . This general tendency to minimise symptoms is also consistent with the underreporting of polymorbidity here, and has been explained by an overall underestimation of risk perception in patients due to either a lack of knowledge about health issues or a coping strategy [27] . Regardless of the reason for these divergences, their magnitude was not important enough to alter the agreement between the classifications offered by the rater-VDSP and the self-VDSP into individuals with or without severe vitamin D deficiency, deficiency or insufficiency.
Developing new simple, effective and affordable strategies to identify older adults with undesirable vitamin D status is urgent in the context of growing awareness that this condition is common and serious in older adults, with consequent major increases in the number of blood tests and related health costs. Current guidelines regarding the decision to supplement vitamin D in clinical practice are mostly justified by the efficacy of supplementation. For example, the dosage of vitamin D is encouraged in people at high risk of falls and bone fractures [3] because vitamin D supplementation has demonstrated to prevent falls and fractures [28] . This approach, although evidence-based, is yet limited since the question of testing should not be reduced to the efficacy of supplementation. Indeed, despite a relatively low number of clinical trials reporting prevention of adverse health events with vitamin D supplements, accumulating evidence report that vitamin D deficiency precedes and predicts the incident onset of multiple health conditions [2] . Thus, given the limited cost of supplementation and the potential benefits, vitamin D supplementation is desirable among people in whom hypovitaminosis D is observed. This is especially true as it has been calculated that population screening is more cost-effective than universal supplementation after the age of 80 years [11] . However, currently, the only way to diagnose vitamin D deficiency and insufficiency depends on a blood test. That is why, to rationalize the use of serum 25(OH)D assays and save health costs, clinical diagnostic tools like the VDSP are needed to identify individuals at high risk of undesirable vitamin D status, since blood testing continues to remain restrictive due to its expense. The accessibility of such a tool, however, depends on the availability of careers, and it will be improved if the tool is made available directly to the users, who could then test themselves and alert their career in case of probable vitamin D deficiency or insufficiency. This may also open some perspectives in primary care. As older outpatients are able to answer the questionnaire in the waiting room, this approach is easy to implement in clinical practice and will certainly help clinicians in decisions to supplement their patients. Our results open a new perspective in the field of Quantified Self (QS). QS is a recent trend in the general population based on self-measures of health and function using new digital technologies in order to become healthier or remain healthy [29] . Nowadays, the miniaturization of digital technologies allows measuring human physiological parameters to reflect health status (e.g., blood pressure or caloric expenditures). The main disadvantage of such 'high-tech' QS is however to consider the individuals more as measurement objects than actors of their own health, the latter point being yet crucial for health improvement. To promote the active participation of individuals, the World Health Organization recommends using self-administered questionnaires to rate and monitor individuals' health [30] [31] [32] . This approach is also thought to educate people about wellness and promote healthy lifestyles [30] [31] [32] . Because of the increasing popularity of QS, a self-administered questionnaire evaluating vitamin D status could thus be an interesting solution to identify vitamin D deficiency and insufficiency, to trigger a reasoned strategy of supplementation, and to improve older adults' health.
Besides the originality of the research question on an important issue in clinical routine, the strengths of our study include the standardized collection of data from a single research centre and the testing of older participants of both genders. Additionally, agreements between self-VDSP and rater-VDSP were evaluated using the different consensus definitions of severe vitamin D deficiency, deficiency and insufficiency described in previous literature and used in clinical practice. Regardless, a number of limitations should be acknowledged. First, the study cohort was restricted to in-and outpatients who were probably in poorer health and with more frequent hypovitaminosis D than the population of all seniors. Second, our sample size was relatively small and could not be calculated a priori. Third, patients were allowed to get help from their relatives to complete the VDSP, if needed. This aid was authorized as part of the study to be representative of the "real life" where patients have the opportunity to seek for help around them. Fourth, the VDSP was designed to identify older adults with undesirable vitamin D status as defined by low circulating 25(OH)D concentration according to the consensus definition of hypovitaminosis D [1] . Thus, it did not account for other recently discovered D3-hydroxyderivatives such as 20-hydroxyvitamin D 3 , which biological role remains unclear [33] . Finally, although we were able to control for important characteristics that could modify the agreements, other covariables such as the socio-economic conditions or the education level might have influenced the participants' answers to the self-administered questionnaire [34] .
In conclusion, our study shows that older adults are able to evaluate their own probability of having severe vitamin D deficiency, deficiency or insufficiency, which should save time for caregivers and promote the use of the VDSP tool. Further research is needed to corroborate this finding by correlating the VDSP tool with serum 25(OH)D levels in people of various ages and health conditions. If confirmed this tool opens new perspective in the approach of evaluating vitamin D deficiency and insufficiency in older adults, and could be useful in daily clinical practice. A VDSP completed by the older adults themselves could provide valuable information to the caregivers, help to identify those with undesirable vitamin D status, and ultimately guide the supplementation plan.
